Objectives: This study aims to evaluate the static and dynamic balance disorders of patients with rheumatoid arthritis (RA) and to disclose the relationships with clinical, functional, and radiological findings of lower extremities. Patients and methods: A total of 81 patients with RA (15 males, 66 females; mean age 48.9±10.4 years; range 22 to 67 years) were compared with 84 age and sex-matched healthy controls (14 males, 70 females; mean age 45.9±12.1 years; range 24 to 70 years). Radiographic assessments of feet were performed to evaluate the presence of pes planus, hallux valgus, metatarsus primus varus, and splaying foot deformities. Foot functions of patients were determined with Foot and Ankle Outcome Score. The balance disorders of the subjects were evaluated with three static (modified clinical test of sensory interaction and balance, unilateral stance, weight bearing squat) and three dynamic (step-up-and-over, sit-to-stand, tandem walk) balance tests via the 'Neurocom Balance Master' device. Results: Rheumatoid arthritis patients had significantly higher sway velocity in unilateral stance and modified clinical test of sensory interaction and balance tests, higher step width and lower speed when walking on a line, lower rising index and higher movement time in step-up-and-over test compared to healthy controls (p<0.05). Performances on the sit-to-stand and weight bearing squat tests were comparable between both groups. Of the patients, although 61% had hallux valgus, 52% had metatarsus primus varus, 33% had pes planus, and 26% had splaying foot, these deformities were not correlated with Foot and Ankle Outcome Score or balance disorders. Presence of swollen joint was determined as the most relevant factor for balance disorders of RA patients. Conclusion: Patients with RA may have increased risk for balance disorders due to cumulative effect of the lower extremity impairments seen in the course of disease.
Balance, a complex function involving several neuromuscular processes, is an ability of the body's center of gravity (COG) to be controlled with minimum postural sway and maximum stability within the base of support. 1 Balance is classified into two groups as static and dynamic balance. 2 While static balance can keep the body's COG within the base of support, dynamic balance is the ability to move the COG in a controlled manner within the base of support.
In patients with rheumatoid arthritis (RA), balance can be impaired because of impaired joint proprioception secondary to foot deformities and arthritis seen in lower extremities (LEs), muscle weakness and limitation of joint movements, or central nervous system impairment.
Previous studies have shown that RA causes impaired static and dynamic balance that is associated with age and Body Mass Index (BMI). [2] [3] [4] On the other hand, RA is also associated with increased risk for falling. 3, [5] [6] [7] [8] [9] Pain, morning stiffness, joint instability, deformities in weight-bearing joints, limitation of joint motion, and deterioration in joint proprioception have been shown to reduce postural control. 10 As falls and balance disorders are more common during dynamic activities such as walking and stair climbing, it is important to evaluate both dynamic and static balance. Studies evaluating dynamic balance in RA are limited, and existing evaluations have generally been conducted as observational tests without using a balance device. Static balance studies tend to evaluate postural sway in the standing posture with closed and open eyes; 3, 11 however, these studies are usually performed with insufficient patient numbers or without control groups. In addition, although risk factors for the fear of falling or fall incidence were studied by many authors, [12] [13] [14] [15] [16] studies about the factors that might be associated with the balance parameters are insufficient. In a previous study, authors emphasized that further investigations into risk factors such as foot and ankle characteristics associated with balance parameter in RA patients are required. 2 To the best of our knowledge, there is no report about the relationship between the radiographic foot deformities and dynamic balance parameters, although the effects of foot deformities on functional ambulation or fall incidence were evaluated subjectively using clinical observational tests or outcome measurement scales. 5, 17, 18 Therefore, in this study, we aimed to evaluate the static and dynamic balance disorders of patients with RA and to disclose the relationships with clinical, functional, and radiological findings of lower extremities. All participants were evaluated using a form comprising demographic data such as age, height, weight and educational status. The range of joint motion, muscle strength of the LEs and any deformities were investigated, and any painful or swollen joints found in the LEs were recorded. Disease activity score 28 (DAS28) was calculated to indicate the disease activity.
PATIENTS AND METHODS
Anteroposterior and lateral weight bearing foot radiographs that were taken for follow-up in the last year were assessed to evaluate foot deformities. Pes planus (PP) was assessed by measuring the angle between the tangent line drawn from the lower face of the calcaneus and the line drawn from the lower face of the calcaneus to the base of first metatarsal in lateral X-ray views. An angle smaller than 18 degrees was accepted as PP.
In anteroposterior X-ray views, metatarsus primus varus (MPV), hallux valgus (HV), and splaying foot (SF) were assessed by measuring the angle between the longitudinal axis of the first and second metatarsus (M1/2), the first metatarsus and first phalanges (M1/P1), and the first and fifth metatarsus (M1/5), respectively. An M1/2 angle of more than 9, an M1/P1 angle of more than 15, and an M1/5 angle of more than 35 were accepted as MPV, HV, and SF, respectively. The measurements were performed by the same author, blinded to patients' details and to other measurements.
The Foot and Ankle Outcome Score (FAOS), which assesses pain; symptoms involving stiffness, swelling, and range of motion; function in daily living, sports, and recreation; and foot and ankle-related quality of life, was applied to assess patients' foot function.
The static and dynamic balance parameters of the patient and control groups were evaluated using the NeuroCom Balance Master (NeuroCom International Inc., Clackamas, Oregon, USA), which is a computerized device that is used to evaluate static and dynamic balance disorders. All balance assessments were repeated three times by the same author. In unilateral stance, the participant stands on one foot, first with eyes open and then with eyes closed. The procedure is repeated with the participant standing on the other foot. This test quantifies the participant's postural SV (degrees/second).
Static balance assessments

Dynamic balance assessments
The tandem walk (TW) quantifies characteristics of gait as the participant walks heel to toe on a black line in the middle of the force plate. The measured parameters are step width (cm), speed (cm/second), and endpoint SV (degree/second).
In step-up-and-over (SUO), the participants are asked to step up onto a curb placed on the force plate with one foot, lift the body through an erect standing position over the box, swing the other foot over the box, and lower the foot to land the swing leg on the force plate. The measured parameters are the rising index (force to rise), movement time, and impact index (control of impact force descending onto the swing leg).
For sit-to-stand (STS), the participants are asked to rise from a seated position to a standing position on the force plate and maintain the centered COG position. The measured parameters are weight transfer time, rising index (force exerted to rise), SV during the rising phase, and left/right symmetry of the rising force.
Statistical analysis
The data obtained in this study were evaluated using IBM SPSS version 22.0 software (IBM, Corp., Armonk, NY, USA). The normality of the distribution of parameters was evaluated using the Shapiro-Wilks test. In addition to descriptive statistical methods (mean, standard deviation), the Student's t-test was used to compare two groups with normal distribution of quantitative data, and the Mann-Whitney U test was used to compare two groups with unevenly distributed parameters. The paired sample t-test was used for an intra-group comparison of the parameters with normal distribution, and the Wilcoxon signed-rank test was used to compare the parameters with uneven distribution. The qualitative data were compared using Chi-square, Yates' correction for continuity, and McNemar's tests. Pearson correlation analysis was used to evaluate the interactions between the parameters with a normal distribution. P values below 0.05 were considered statistically significant.
RESULTS
Age, sex, and BMI characteristics were similar for patient and control groups (p<0.05). The mean disease duration of patients was 76.0±77.0 months and the mean DAS28 was 3.7±1.2.
For WBS test, no statistically significant differences were found between the groups (p>0.05), and weight bearing distribution through each LE was not significantly different between the groups for the 30, 60, and 90 degrees of flexion (p>0.05).
Regarding the patients' postural SV (degrees/ second) under sensory conditions on a firm surface, no significant difference was evident in the mean velocity between the groups (p>0.05). However, the control group had significantly higher mean levels when the test was performed on a foam surface with eyes closed or open (p<0.01). For the unilateral stance, the patient group had a significantly higher mean SV compared with the control group (p<0.01). The patient group also had a significantly higher mean SV while standing on the right foot with eyes closed or open (p<0.01) ( Table 1 ).
The results of TW test showed that the patient group had a significantly higher mean step width compared with the control group (p<0.05). The mean speed was significantly lower in the patient group than in the control group (p<0.01), but no statistically significant difference was detected between the groups in terms of the mean endpoint SV (p>0.05).
Regarding SUO test with both feet, the mean rising index was significantly lower (p<0.01) and the mean duration was significantly higher in the patient group than in the control group (p<0.01). However, the mean impact index with both feet was not significantly different between groups (p>0.05). The results of the STS test showed no significant difference between the groups in the mean measures of any of the parameters (p>0.05).
The impacts of demographic and clinical factors on the balance parameters were evaluated for the patient group. No significant correlation was found between the demographic characteristics and balance parameters (p<0.05). Swollen joints of LEs were found to be the most relevant factors on balance. Table 2 presents the relationship between the clinical factors and the balance parameters.
Anteroposterior plain radiography was obtained for 76 patients and lateral plain radiography for 78 patients. Of those patients, 73 (92.5%) had evidence of at least one foot deformity, HV being the most common. Sixty-one patients had HV (80.2%), 52 had MPV (68.4%), 26 had SF (35.5%), and 33 had PP (42.3%).
No significant difference was found between the deformities of the left and right feet (p>0.05), and the presence of a deformity did not have any significant impact on the SV (p>0.05).
While the FAOSs were reported to have a negative correlation with the number of swollen or tender joints in the LEs, no significant relationship was evident between the foot deformities and FAOSs. Additionally, the mean FAOSs of patients with right or left metatarsalgia were significantly lower compared with those of patients free of metatarsalgia symptoms (p<0.01). Overall, a correlation was not evident between the FAOSs and balance parameters (p>0.05).
DISCUSSION
This study evaluated the clinical, functional, and radiological factors that might impact balance while analyzing the static and dynamic balance of patients diagnosed with RA. To the best of authors' knowledge, this study has recruited more patients and controls than previous studies focusing on this subject. Since previous studies have reported that age, sex, and BMI could impact balance, 2-4 participants with similar characteristics for patient and control groups were selected to be included in this study.
During the WBS test, the measures of weight transferred to the right or left LE were insignificant when compared with the control group. This finding might be because of the symmetrical nature of RA and because of the similarity of the left and right sides with regards to swollen or tender joints of the LEs or foot deformities in patient group. Asymmetrical distribution of weight through the LEs found in both the patient and control groups might be due to the dominant foot entity. A previous study demonstrated that foot dominance and postural control have a correlation, 20 and this finding is consistent with the data of this study.
This study reported that the patient group had a significantly higher mean SV compared with the control group. This finding supports those of previous studies, [2] [3] [4] which stated that an increased SV could indicate a high risk of falls. 2, 3, 19 The higher SV in patient group might also suggest an increased risk of fall incidences. As it was expected, when evaluating the correlation between SV and the clinical parameters, the number of swollen joints in the LEs was significantly related with SV. In accordance with findings of this study, a previous study reported that increased inflammation in the LEs could deteriorate proprioceptive responses and thereby increase the SV. 21 This study showed no significant difference evident among any of the parameters for the patient and control groups during the STS test, which met the expectations. A previous study, which conducted the STS test with 135 RA patients, reported a strong correlation with the strength of the extensors of the knee joint. 22 While this test is used to evaluate the strength of the muscles and symmetry, results in the normal ranges are not surprising because the patients in this study had symmetrical joint involvement, and those with muscle weakness were excluded.
Tandem walk is a more specific test, compared with walking, for evaluating the disturbances of balance. This test requires a more delicate control of the COG and the ability to rebuild the stabilization on a narrow support ground. In previous studies, disturbances in TW and the tandem standing test were reported to be correlated with falling incidences. 11, 23 As mentioned above, an increased SV is an indicator of increased risk of falls and, in accordance with this finding, a decreased velocity and increased step width were reported in the TW test in this study. The reason why no significant differences were found between the groups in the endpoint SV could be that the patients managed to control the sway behavior because they walked rather slowly with big steps, and they concentrated on their motor actions. This is a good example of the compensatory strategies that patients develop to cope with the disturbances of balance and avoid falls.
The SUO is a complex action that has a prominent role in everyday activities and pain, fatigue, biomechanical disturbances and muscle weakness may affect this ability. In this study, the time needed to perform SUO test was prolonged, and the rising index was significantly decreased in the patient group than in the control group. Previous studies reported that RA patients have some difficulties to perform the SUO test. 5, 6, 23 In this study, the prolonged time needed for SUO test was shown to be correlated with the number of swollen joints.
In this study, the relationship between foot deformities and balance was also investigated. Sixty-one patients had HV, 52 had MPV, 26 had SF, and 33 had PP. In a previous study, which investigated foot deformities in Turkish RA patients (n=40), 78.8% of the patient population reported foot deformity, and the frequency and sequence of the deformities were similar to those reported in this study. Although somewhat weak, the previous study reported a correlation between the FAOSs and foot deformities; 17 however, such a correlation was not found in this study. While a correlation between the FAOSs and balance parameters was not found, a relationship was evident between FAOSs and the number of swollen/tender joints at the LEs or metatarsalgia. This finding emphasizes that the number of swollen or tender joints at the LEs is the most important factor affecting balance. Similarly, a previous study stated that pain involving LEs has an impact on functional ambulation; however, this study reported no evidence of a correlation between foot deformities and functional ambulation. 18 Another study reported that while the risk of falls increases with the number of swollen joints, foot deformities do not affect this risk. 5 The reason why foot deformities do not significantly impair the functionality might be that patients learn how to cope with these problems and develop compensatory strategies, particularly when the chronic nature of RA is considered. However, when pain complicates the situation, patients' coping strategies fail to compensate the ongoing process.
The assessment of both static and dynamic balance using NeuroCom Balance Master is one of the strengths of this study. NeuroCom Balance Master assessment protocols quantify the effect of impairments on a patient's ability to carry out mobility tasks required for safe and effective daily life functions and help to accurately identify the sensory and motor impairments underlying a patient's functional limitations and disabilities by providing objective information. 24 In this study, the impaired parameters of each balance task have been reported clearly. These data can be used to better define the goals of an effective therapy program and assess the effectiveness of the intervention in clinical practice and also provide valuable insight for further investigations into management of balance disorders of RA patients.
The other strengths of this study are having a higher number of patients and healthy controls compared with previous studies on similar topics and evaluating possible correlations between the balance parameters and various functional, clinical, and radiological entities of LEs. The results highlighted that foot functions and deformities are not directly correlated with balance disorder in RA patients and most relevant factor on balance is swollen LE joints. Thus, these findings may lead the clinicians to consider that the impaired balance of patients may occur as an independent result of RA probably due to cumulative effect of the LEs impairments and arthritis seen in the course of disease may augment the existing balance disorder.
This study has some limitations that should be pointed out. Firstly, fear of falling and history of fall among patients were not assessed. However, previous studies have already shown that increased SV is a strong predictor of increased risk and fear of falling. 2, 3, 19 Secondly, while patients diagnosed with any neurological or metabolic disease or major depression were excluded, cognitive function, which might affect balance of patients, was not evaluated directly in this study.
In conclusion, the results of this study showed that patients with RA may have increased risk of balance disorders due to cumulative effect of the LEs impairments seen in the course of disease. Balance disorder causes inactivity and sedentary life, which may lead to some secondary effects such as increased risk of falls, osteoporosis, fracture, and cardiovascular disease. Therefore, based on the results of this study, further investigations are required into management of balance disorder in RA patients such as proprioceptive training, balance exercises and rehabilitation, and assistive devices for lower extremities.
